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^ 900MPa(l30ksi) .* «IK V S!<Sfc P 

-40t:(-40TF)fl*ai#wsittSd? 120 w$<w ^k- 
s^«R#££S^AWJ&-a#Kfaii& —a* 

^ilJtiHL(10)*«aEW»M<B«j»4MEftT±«»- 

«*»*W;J»±J6iH«»jlc(12)S— &fiW#^c» T 
»*(16) ;#lfc?*A ,*F±Jfc4H«£#(18)SSffl. 
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1 900MPa(130ksi>, * 

AJMMt*****™*.*. At************. * 

^ 0.03%~ 0^10%C, - 
^ 1. 6% - 2. l%Mn, ' 
^ 0. 01% ~0. 10%Nb, V 
^ 0.01%- 0. 10%V, 
gj 0. 2%~ 0. 5%Mo y 
^ 0. 005%~ 0.03%Ti, / 
0.0005%-0.0020%B, ^ 

0. 3<Ceq<^ 0.7, J- 

Pcm<^0. 35. , , ~ . 

0wt%- ^ 0.6wt%Si> 
0wt%~ # 1.0wt%Cu, 
0wt%~ #r 1.0wt%Ni. 
0wt%~ #1 1.0wt%Cr> 
J)w t%~ ^ 0. 006wt% Ca^ 
0wt%- #J 0. 06wt%Al, 
0wt%- #) 0. 02w t% REM 
0wt% - ^ 0. 006wt%Mg 



1. 

• • 

11. 

• • ■ 

111. 
iv. 
v. 
vi. 

• • 

Vll. 

• • • 

Vlll- 

3. 
4. 



5. 4 &J&mtf}fc&'k4%, & V Nb #&2ML*L-f-^ 
0. 06wt%„ 

6. 4 tfj&m#)fa&'k&, & V Nb 
^ 0. 03wt%. 

8. *U'J,g-£ 1 tf>MH##.'^£r48 > -£#3.ifr/M.J.^# 10mm(0.39 

9. 1 #>g^B6H&£^48, t^#^ 0. 05% ~ 0. 09%C. 

10. >&*>J^£ 1 ^'^fltf'ifc^^^, T^^t^^^ 0. 2%~ 1.0%Ni. 

11 1 #^>88#4&£^48, t£#3 0. 03%~ 0. 06%Nb. 

12 *L^J*^ 1 0. 03% ~ 0. 08%V. 

13 ;fcU>]^-#. 1 tf^^tflfc^^^, T^^t^^"^ 0.015%~ 0.02%Ti. 

14 #U']^-£ 1 tfl&m¥lfa&'k&, W^t^^T^ 0.0008%~ 
0. 0012%B. 

15 1 ¥j&m&jfa&'k4%; ik&^&%#] 0.001%~ 0.06%A1. 



5fe« ^. it*****-*.* * aUi#--#Hfc^** <-/84B, 

fc*#**SUt.* *r*f> 

Bti-, X*XI»*J9f'***.*.AJlLaJt*^ 550MPa(80Ksi) , ^ 
*Ji4L*jt*RJfctt 690MPa ( lOOKsi ) , ^ 

Luton #H:@-#-*'J 5545269. 5545270 5531842 ftfriftfj: 
jL&&J§L¥l%'&M& ( JRJULfcJLJ.^** 830MPa( 120Ksi ) „ 
jLM-'y&) 900MPa ( 130Ksi) ) &M$k^Hih> Koo Luton fc^Q^ 
2>J No. 5545269 tWW*»A****ill4fl«*#M^i«lt 

Koo and Luton £* 01^*1 No. 5545269 t^^^l^^^ 
3-**»T: #4«jyi*.*«*3|Lajt*J.^ 20n/# (36T/^), >ffc& 
^30X3/^ (54T/#)tt*Mp*i£* 400X: (752T), 

Koo Luton WiL93**i(L«— 
4k, il>hm-^X#&^^^^ Ac l #£.&tt»it.Ttf#>**USMS' 



i 



A#«.e-fM» V. Nb, Mo fi*£g*fc4fe. fUMfciMl&^###r 

*f 0.93, /kf>&mf>ftiftfti^M&j?M, ^JMa#£##*#>& 

itfaTgj 0. 93. 

( ^P/S^l^^^f-^ 550MPa ( 80Ksi ) &J&i ) 

*4Mfc*ML*£.#* 15%*, it*. 
830MPa ( 120Ksi) ifc it * # & * & £48 , ^&5t**|ii**^* 

Pen. ( — ^^.^T^f-^^^^Xik^) ^8^*, it* 
*f-^ 0. 35. 

■g-fl#tf*HMt, $MH& $r&JBL&J®LM.'y#J 690MPa 

(lOOKsi) , &.ft&&M.'y#) 900MPa ( 130Ksi ) , £ 4& » T ft £ 



4lJL Pern 0.35 ^f" Pan Ceq (^J:) £ 

T^-^^fi- £ ^ ^ t > Pcm £ :>L # 
Pcm=wt%C+wt%Si/30+ (wt%Mn+wt%Cu+wt%Cr) /20+wt%Ni/60+wt%Mo/15+w 
t%V/10+5(wt%B), rfc Ceq 3L5L% Ceq= wt%C+ wt%Mn/6+ (wt%Cr +wt%Mo 
+wt%V)/5 +(wt%Cu+wt%Ni)/15. 

g-Am^ft No. 5545269 t^^OL*- WS&ttiHh & 

*»lt.4«*MLJ&#-*.i.** J f 4001C(752T) 

B**^*-frT, JMM« A*** 

*.4l*.Tit**9^*-^jtaA.#*-f 400TC (752T), 4HfeA* 

^JLA^^N 5545269 *f'i&x££fc#4fl*L£./ b 8t, £t*^#^ 
^it**«*r5lSt#«8*L**ri«»*J.^ 400 TC - 700 TC (752T - 1292 
°F), flLafllit«.Jt«-«&>tRI. tf&£*4«ifc#£$ 

m-^-tfl*t«ft*( >f*ft) > «*»HU>TC (-40T) Bfrtttf^fcUR.*). 

5545269 tfi&JM^, £.31 

^.wajjts W t frit- * *it.B. W *Jtf-48*#-tt** 
A^, it********^**^******* 



fe&jLtiL&£Wtf)%tf], ;ML9§4*:#— #i£3*-;*, 
^t*T^- ( IDQ) , #*4fc#A^**te^4H«te£.* 

;ML#4t#fUfcjft£ — QST #4t4J£^AjMln&fefti!r 

5&itA«#* IDQ *.X«, 

**» *»A^3:tt* 5~ 20ppm *ft4* ! 9»TJ+4ML 

Elfctt— fam&*fr>m, fy^&m idq xtM^nsi 

ifci£##<f J&/fl^&48;feL, "fe^AJBLaitJ.^^ 690MPa ( lOOKsi ) , 
VL&M-'Jrg) 760MPa ( llOKsi) , jMfe&J.;>~^ 830MPa ( 120Ksi ) ; 

0.93, jg/fciMfc-f-ti 0.90, *J.jLftaMfc-f#* 
0.85. J*&«4R*L, *^ELtt»j!fc«*., 
*MMB*, -ffc-f^ 10%, <fcJWfc-f^ 5%. £ *h, ii&st.1HHSMM./8 
?ti*ft&ifc.. 4&^£43&, 10mm (0.39 3H-), 

3t#.&J-^ 15mm (0. 59 ^^), * J-l>' ^ 20mm (0.79 £ 



5~ 20ppm tfjm, %&mfo^ J k%#J 8~12ppm. f&fif 

6,** AT**.*. faA****.***-*-***- fcAfc*-**.* 
4fc&&* * w A*L*£ ******** * 

t, fttiiJLM- 9 ?*! 50% (fr****) , ilWaiR****- 

V^TfefeSJhttfcAT**.** 5*Hft*A**-Jlr*.*. -t**.# 
iMt^JtJLHtiHRfc^J.^^ 60%~ 80% (4M*lf^)*.) 

tt*AT**.** *iA*L«-^fc#-**-t«**^ 
«UtaL«&^S.^^ 90%(fM*TF^fc> «&*>*T*^ 

«+, *te*fe^*TJMt*W^fc*&^**,*: 

0. 03 ~ 0. 10%C, ft& 0. 05 ~ 0. 09%C, 
0-0. 6%Si, 

1. 6~ 2. l%Mn, 
0~1. 0%Cu, 

0~1.0%Ni, #,&0.2~ 1.0%Ni, 

0. 01 ~ 0. 10%Nb, 0. 03 ~ 0. 06%Nb, 

0.01-0. 10%V, #,&0.03~ 0.08%V, 

0.3~ 0. 6%Mo, 

0~1. 0%Cr, 

0.005~0.03%Ti, >ffc&0.015~0.02%Ti, 
0~0. 06%A1, 4fc& 0. 001 ~ 0. 06%A1, 



0~ 0. 006%Ca, 

0~0. 02%#jt^>& (REM), 

0~0. 006%Mg, 

jtSt— 
& Ceq< 0. 7 JL 
£ Pcm<0. 35 

Ji£lL&^Ti«, 0.0005- 0.0020wt%B, >ffc& 

0. 0008 ~ 0. 0012wt%B, JL Mo & J:^ 0. 2 - 0. 5wt%. 

#;ML93ttJM^*-£-*M8» Ceq 0. 5 4£'h"F# 0. 7, 

Xt4^*>Ji6^>9»48, Ceq>ffcil^-f ^ 0.3^'h-T-^ 0. 7. 

^t^^^^^^^^C^IL N, * P. « S , 4- 

t&T%-> ^J^— # N Ti ttJMfc#*l&jfc. N tf>^ 

0. 001 ~ 0. 006wt%, S &j$LJ$L&^M.*t#) 0. 005wt%, JL#.& 
0. 002wt%, P &}$LJ$L&*M.3±#J 0. 015wt%. xfr-f tt-t*^ 

3ppm, £.41 lppm; ^^fr^-h^/ifr 

*5 # JbJ i&ii-ii* £ it&#.#*UBS*»# *4« 

ArtfrJtstiStJL'ffc-f T„aAiO#— ajta«*it— it 

fcSf*.J.J.!HfcJ. A rl A,,*^**^.*-***** 
#.*^*#-+*4jt#.^^TaJt,*sl^^ 550t: - 150 ^ (1022°F~ 

302T), £-ffc&/^:£ 500*C - 150"C (932T- 302T); 4fjL*f*/, # 
T B ai, A rl Art**.*****.^*.**^**^, 



ft & & SUM"**** - 

900MPa ( 130Ksi) , it4tJfeS.^^ 930MPa ( 135Ksi) , 

iMM^fltt*^^********^ ********* 
900MPa ( 130Ksi) , jt#.&^^ 930MPa ( 135Ksi ) , 

® 2A*»B 2B 295X3 (563T) #>£;U*-T &JL*t3U£ 

B3«#^*****^.**7if*.*TaA*« 885T: (725 
m 4A^@ 4B 385X: (725T)tfx£*h3L 

JtA^'M^ lOnm. 



(yE_ 40 ), *dM$*4Mt»A. MPa. 

#£##4Mt&>£, MPa„ 

S 7 it— iMfrifefcfcJ&flURtf , 4t^#v&48# "D" (fc&&yt$L 

jL^^^7 ^ 380 TC (716°F ) . 

'St', 'ifrfcJM^ML*** 428TC (802"F)„ ^S'tttA H'ft,**Lf t 

Wfy&mfi, T$i4%$Lm IDQ 3r*aMf*t«, >f *.#Ml3U£.&# 461T? 
(862T). 

© 10A ^l— i£#fc^*«^J*U, ^tf#A^# "D" ( 

t^M ) t-S>JM£ ( Stt^^) i£48 

IDQ ^r^-it^f *t*£, 534X3 (993T). AL®t 

g 10B ^— i£M*>&W ;M^#&48# "D" (4M£;^i: 

t^M ) t#it*^ #4B#.J8 IDQ ;3r&i£4f*tS, vf* 

^jh^^^ 534X3 (993T). 
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jM**tf*Atf4tM*##-v *.Nb-***4fc***I. 

ft**-*, **** 1000^- 1250X3 (1832T ~ 2282T), 

^ 1050X: ~ ii50t; (1922T - 2102T); ^ft-fMUfrAMfc-fiA 

it-it*^at**-#-t*«i^-***' JBLT*4t*« 40%~80% 
(*A*t^Ji); #**^**«*«A*** 10T3/*Ml8T/#) 

aJt(QST) **MI*U flA****** 20X3/^ (36Y/#) , 
*LKM 2O-C/0 (54T/#) , 

35T3 /*> (63T/#) , QST aAflA*^ 550X3-150X3 (1022 
T~ 302°F)^, 500X3 - 150X3 (932T - 302T) ; #jh 

^iUli AT**.*. ^ A *UMr SI Ji~***«& *** 

*. ;Mf******^**«*. ****** ******** 

^Cslt*)" #«*:*/**MAtf4«*A*te#A^fcitt*T-ff 

25.4c(10*^)«*L*T*»-*AE«*» 50% ( *T* 50%) JfL 
12.7cm(5 * + #***-***«*» 80% (^T^ 80%) 3L 
2. 54cm (1 3fc"*J")o 

«3LAS« (4**T*t#***> ftSMf***'*! (10); #JHt 
******** 14** < 12) i*^T»A (QST) 16. #jt* 
48*£^ 18 ita, #^**#*AA***ATJl*.4t- 



(£TJHfM££ 20 t X iwA*L*-J|*.fr (£-2,*^E 22 t ) 
Jl^£$L&¥j A**.at-^-tH^.*K 24 26. 

^Kl*.****^*, jL****MJA*^tt*fl*4fc# <** 

Nb#^IUM&[Nb(C,N)L Vtf^fjM&[V(C,N)]*AMo 2 C ( — 
# Mo #}$U£th) 4fJJt#**JL|t**.$*. 

ft). ^l*.T«.****^4w*^pN-^Aitflt» »dLjL*JMUa*** 
"fefr. — «t**T, *»-*/ML*4fc-F*& o:03wt%, -#^^^j«Ji«» 
*»*^«Ait^ 0. 10wt%, &#4«*$l*if*^— 

ft #r * JL#Ufc* *P A T H & A*.* 

^ Mn ^*^.^^i±^ 2. lwt%, Q^&it^ 2. lwtJW* Mn tffc^f *t*. 

£-#.48 # vf it it* , PHfc#4£ at ^ ^ ^ E ^ *& IHt«i * TJ* 

r fkftj 7 -JMUM*:*4«tt» Jt, **^-tfM.*& 0.6wt%, 
/Js*it«^^*^#L^^^*#*'lt^'**'*B: (HAZ) 
V JL£4fc. tff-48ttJJMMfe#*&:&«&*tt. B#45*4fc*-Tfeaifl# 
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Mb *.T**H-iHpit*t*«A Nb(C H)# * 
MMM******^****' #ast# ft afc*-******* 
jfe**, fti&«l&>J>»^£ t ?#> 0.01wt%, &i£^0-10wt%tf 
0. 10wt%, &#.&#;**/Vf#* 0. 03wt%~ 0. 06wt%. 

ihJtfcfrA^*.*^**"^** 111 *- *'t> **&*.4fc*****# 

* ***** a b % 
*«***»****'**•*■*** 

^ 3.4 >fg- (**&). £4S****tf < *P^* 0.005wt%), 4tT 

f0***\ **** 
&*»X*j&J.*"** 0.005wt%, &>&*^ -tBLA * 0. 03wt%, 

t*;^ 1.0wt%. 

44****1*. 

4tt^A*^«^**a* < > t *** at4fc ** ,a,RA ^- 

*, ^-f 0.2wt%8t, ifcTtfAiML*****^*****- 
***.T***ib*. *T*****-«*»*t ******* 2wt% 
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8t, •&*«Jt«.4fc4fr^L*«r*«4«t^. ^&;ML9§#]^48#8t, 

*»^_LP|L^^ 1.0wt%, m%&ftftfe% J fcM-fa^$L££-S\&&&$' 
&1l#J#) 1/3. 

*V 45***1$* Ifr HAZ E**.A**t HAZ ****** 
>^^6t^^^i±i^, 0.06wt%, -**#A 

^— *«.*4^iL9i«§**4fc intft. * ft * *« * * 

OfiOwt%, HAZ Kti*£iMMfrTJt'!MA.4-A. 

^p^sl^^^^ffl^^ 0. 03wt%~ 0. 08wt%. 

t. * 

^t'&^'ft&^^^^l^-^^ 0. 3wt%#*^ 0. 2wt%, £#,i&>>>v 
JUHxt^^^^^^^*J^ 0. 6wt%%>#] 0. 5wt%, E#it£ 

Ife/T. ft£|— #, it£#4§-, Pp^it^ 1.0wt%, ^l^i"ii^5iL^^ 
4fcsML*.J&»X*i&# 1. 0wt%. 
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*^&#4fc»%»*fe. *^ajaL*B«. o.ooiwt%, 

£4fc&-fc.FML'0Ml r £# 0.006wt%, 

^jgj^h^j (REM) —jfe^-f^HN<t4b4t ( MnS) 

O.O01wt%#45&# 0.001wt%# REM. *»#.45<$~£&it 
^ 0.006wt%i£ REM&it^ 0.02wt%, CaO^CaS ( — 

4&&-$L4£&) & REM-CaS ( -##i^>&-45tf ^4fc4fr ) #JL#£& 

jSHi./*^.**!* 1 *. <ftiM*45#JtflLHH£*& 0.006wt%, REIIfcJtfMi 
0. 02wt%. *tT&&&$Lf ESSP mL&frTZ) 0. 5 

lO^I^Ht, l^4Ufc^*i4fc-f^ 0.001wt%, *4fc*/fr*lH&-f 

^ 0.003wt%, ^jI^-T-^ 0.002wt%, tf4£^48#4fl't£:frT*?- 
ESSP ^— ^i548t^^:&&#^&4£#]#:&tf^#, 

T^rT^^^C- ESSP= (wt%Ca) [1-124 (wt%0) ] /l. 25 (wt%S) . 

j^^^t^, 0. 0001wt%##, dt«»^#J:^-it^ 

0.006wt%, ^&#-*-tf^4Mfc, ^ HAZ 

m&4&$L& f"*& 0.3wt%) 0.0005wt% 

2«J2$ 0. 0020wt% ( 5ppm~ 20ppm), 4?&.%&>$L&&^t®#) & 

0. 002wt%^^iOM£^ Fe 23 (C,B) 6 ( -ft®Ltfjm&it%l ) 
J^#«tei£tf*»AJirMr#fr 0.0020wt%, 

%fa?^$L&%#] 0. 0005wt%~ 0. 0020wt% ( 5ppm~ 20ppm) #3J5. 
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Efl # * A £ ft * fi* A T H ft! A *L«-4 

* Sfc-Mfr JLJfcfiL * , t£ JLft& * t <t akfc-Mf * 8* *• 
T ja *.#.#»*L*-i& *.4Mfc it # to * Mo 2 C. V(C, N) Nb (C, N) 

4fr*#r#«lJitt»<MMfc-- ftJUjk— j£*t-*»T, &&fiUfc& 
-Mf*. •*» AT *^;M^MML«Ji#aL^tt 

fMfeat>^^4^^^t^; , 

>£,fcteJ|&^A^£>f ^^t^Ji^^'K *JdMfciM*-F*& 5~ 
20**.; $J=-, iip^J&A«&J|^A^f j&«iA4fift.^^#^ir 

Nb, t### Mo. Nb «l Mo 2 C, 

V(C,N)*» Nb(C,N)^iC#iij, li^#^#^^S^. 
;fc&S;l£;M£$#££llUt.JfeE*- V, Nb 3* Mo, <fML#-iMl&4« 

#*tf«*4i-jfc*»j£jLJ.!> r #& 1000'tJ (1832T), ^^^.i±^ 1250C 
(2282T). fc&fc&&m&&ttfa&&&&fa&&&&-$--i-%:+te. 
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******** t****T*. 
tor*****.******-*******-*' ****** 

*T*a*#**tf**5-**» *^fl*^«f*W** a * 
**«+#*****■ (*Mf> ** -t 

* * + ** * *»* 7 a A (qst) « «* * 

A* at*, a***********- *^*Mt«ai*** 

T * *4* * * & * &*>^ * **** # * J- * * ***** *■ 

^jMfc****^******** 1 ***' 3t***-***U&* 
^Jp«t*^S L «**/ t *^^* T *^*^^***^ fc *** X ' 

TilWfci^^**.^***^. iM^MM*A**&fl ****** 
T*****^**tf***«' 

sww ************ 

**«********. >*£*****&«***-* 
jftT*****^*******- ***45-*A*AK«ft**** 
*T*lHfc**^**^**fc a > jL&>M^t^&tf M^*^ 
#jt**^^ia4t**^***J&*^*«t«A^*^** 
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***»M*«&4TaA, it* 1^ 550TC (1022°F), 

i&^i^-f-^ 500X; (932°F). — AiMiMMr**., 

A rl 550"C (1022T), jt^Jfe. 

500TC(932T). Skft5&^&S*-&£p*tm.¥jn¥)&&&4Qtfj 

H^i^TSi^A^. 4k^#AjL#*»****& Mo 2 C. Nb(C,N) 
V(C,N)#ife^7, il-k*P&i^4«#&A., 

3l#^^^^^J31^A— $L£^ 830MPa ( 120ksi ), 4M»&A.£^ 
Pj 900MPa ( 130ksi ), -40 1: ( -40T ) vE_ 40 ) 

M.'Jr#j 120 (90 % t # & to . 

&^E(HAZ)#4Ufc^i£jS V(C,N)^ Nb(C,N)*fiij^^^->^ 

*J*#tfttJ*&*«3fr££4«+#A HAZ E, ££&£#MM*^ 
g.ftWZj 2~ 5mm(0.08~ 0.2^^). HAZ Et^^-^iM, 
W-frJK&l 1400X:^J^ 700TC (2552T ~ 1292T), 

;Mt^i£Atf#:#.. iftftai, 700TC (1292 c F)4l;£, V Nb i5l 
A^fltf *L4fc4& ¥} ft i£it##48 t * # 3t 
i£teflLjLi£4£M.&.&Jt&#Lfcf$rM_&fa; ft^ftftai, 850 TC ~ 950 



16 



"C (1562T- 1742T)A*, 48 1 V Nb «**4t#A* 

90%, a*** 

95%. 4£#HAZ g^SlM^Bf V* ..Nb.tf.fcJt.*.^ 0.06wt%, 
^ JL#,&4« t V 3* Nb fl iMt*.^** 0. 03wt%. 

jMI* ft ft AW**-*-* 
DHhEiU**, *i^^T: tm«U« ("IT), 4**A 

IDQ J.£##,&^;fe;3r-i: 

4&4fc4frJ3fr»4fc. i£*'JL4*&&tf *#-#- i W* , "F: 

/*> (36T/#~63T7#)tt IDQ x£ &«J&4«tiMt&lRjfc-**4H** 
>fifc*Ufc*J, rt*****.^******-*, (Ceq) 
^C^T jS.it. ( QST). «^iL!l!*4*#***A4««.*&*#^** 
*fe#-Ml4«, * Ceq 0.45 te'M^ 0.7, /&4n,Mf£tfx2 

Mj£®«fMf^^« (4ttiiL**i» AT **.#•) *** 

4£fc, B«#*m^ IDQi*. fclHatt QST ^.M^ 

^ 55ox:~i50t: ao22T~ 302T), 

te. g*i"ii£4»iMHfc QST Pp^ 200t:(392T)^ IDQ x£*tSBt, 
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£M.1UBLte£.-&JL& ©:UMr-%&$s £ QST^j£#$ 270 T? (518°F) 
8t, &JLJfcftLte.£ QST 200T: (392T)^^^ia^^>b, i£7 & 

©*.*4ft#.4ttb*s«^j|i4fc^, Jt4fc«L'K QST^^ 295TC (563T)-^, 

T$$-ik® 5, _ti£48&tf QST#^ 200*C (392T), 2) 270X3 (518 
*")^^ 295TC (563°F)Bt^^.^:^L^^S 5 #.5.46UR/t 52 JSfriF. # 
^^T@2A^»2B, ® 2A$* 2B^QST 295X3 (563V) Bt^.*L# 

BJI %> MJ«, # . #.£--Sr t *£*#*££-*l 
JUSi^-*^, 2A#» 2B tf#4«tt»Jt^;ti«##'f */8 

f&m. $L&4^%® 5, & QST tfifr^J.^ 385T3 (725V) Bt, & 

3, ^^TTia^^^t^#^^^#A„ 

Pp^^^^^^#^^«^'lS^^^E (HAZ)t^Tia 
5h#.4fc. Mo, V Nb &&ti4|^*ff *fi*^^*&4b4fr 

^7 "jL£H>-fifr 10nm - ti*fc#**fc6*<&£, i&gfe*<4*4Ub4*X$L 

#^^*,T^^^t^^^^^l&*,^r^^ QST, £i* 
##^L6^^t» ^ QST&i±^ 500T? (932V), W-frftisf) 515"C (959V) 

QST 515T3 (959V)8t, 4tf 

2. -fe^^jt^-^^^^ : ^^^^it^-^^^^ (Ceq 'J^^ 0.5 
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4a.*iT%J 0.3) M IDQ j-t>fr&&&%&&*fi®foftft&%&tt / ®& 

B#, *r#4Mi***.*jiL*f-* 40%. *ArHW4Lrt, **-f-*M&£- 
4fib-*«***i4*, &m qst 200T: (392T)# idq 

&>bf'#l 0.7, ******** 

Afc*«*JM^***tt*#^**** -5^U8& 
^^tiMLE^************ ( * #***.&T* 

#t*;M****#.&#rt** qst ( #-4*;$ )„ xt&**^*8**# 

#tt**#.+Ji* * QST # 461-CN", MUa* 

^-^Ji]* JMM*Tja JM£. QST 7^ 428X3Bt, JMtfcLfc 
##ife^#TjaiM£. £ QST # 380*C#* 200iC8t, JL4U&&£.£>* 

QST 380 TC (716°F)# IDQ *t«»fr, 
*#i#Ua*****. 
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2LWti}&m&l&.-%3ltegtf} IDQ >f ;UfTi£& ( QST) *t^8t&##, 
gL&faM-#J 200T? (392°F) ¥) QST £ QST &i§* 

428TC(802T), &&&&3h&&)K^&.fa4k%&&^% 
AT J5 S 8, ^D( flUR*.*.*. n ) ^ QST % 428 TC (802T) 

IbQ ^^tfit^fc^lMU , &^7&Tm&#^ 4fe*4MM£Jt 

£(HAZ)t^TfB-jMM&, ilT^^^Mo, V Nb Jl^ 6M)^&J * 

£ QST^l^J.^ 460TC (860°F), i|-4T J*l M-$L&-&tL$I 
Jija JMM*Tja&^#i&£^fL^. it*# QST 

•fcfcTft-. D (#L,m^i:^n ) ^ QST 461TC (862T)# IDQ 

: ^Jti^tf QST, 534TC (993T), & 

&^&#.**#f**-M&fiLA. U D W H ) ^ QST % 

#] 534X: (993°F)tf IDQ $L%!&tijl£M I&fi >@ 10A 

*tS> ^il^ 200TC ~ 450TC (392T- 842T), f%%tf\&.& : *»)£. 
it. IbO-C (302T)8t, &£-J?, # J- -f* 

ft&T#J 450t: ( 842T) 8t, ^./^iL^tfJi JH & 
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ft- a.. x**a.*^*&4.^t*#*-t*f-****» ##J££^ qst 

t «*Mfr*. *MFt**Hfc*. 

#.****#*^#t***r*. ^^ B Jt, 1000 
•C (1832T) - 1250T? (2282T), 1050X3 - 1150X: (1922T - 

2102T)aATSt#. #«*.Nb*»V, ^ 

t*f*> *.r*.*JiJBL»A*it 550MPa ( 80ksi) 48 HAZ t#-*-f 
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5Slf 'C (°f> 
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. , . 1240 (2264) 
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90 (3.5) 
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1080 (1976) 
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60 (2.4) 


930(1706) 
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45(1.8) 
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30 (1.2) 




... 7 


20 (0.8) 


827(1521) 



D ( JSL4t n ) ^^-SOtti*}-** ( B-Mri**+#lJlHttft* 
.£) HAK JWin ) T«^it&-Jt^^it, #£]*Lf- 900MPa 

( 135ksi) 4Mt& A3^-«*»^-40 t! (-40T) Bfrjfcii 120 ( 90 

£>*L-^ ) *P vE. 40 ^.ii 120 ( 90 \ **1^#Hfr 

iL*»*.'*A "534" ( ^^ii^T^#^r^^Ja«.^^^^^-^ 
"E" ~ "I" ;fc^#jt.;M»4H. 
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(wt%C+ wt%Mn/6+ (wt%Cr +wt%Mo +wt%V)/5 + (wt%Cu+wt%Ni) /15) ; 
ESSP: — ^J%&r? 

ESSP= (wt%Ca) [1-124 (wt%0) ] /l. 25 (wt%S) ; 
HAZ: 

^^^ric^:^^#^^ Ceq *-T**& 0. 50; 
Mo,C: 

Nb(C.N): 4 fe# tk^fctol 

Pern: -~>h«ifeTtt'frti*»' j:jk **' ^^^T: Pcm= 
(wt%C+wt%Si/30+ (wt%Mn +wt%Cu +wt%Cr)/20 +wt%Ni/60+wt%Mo/15+ 

wt%V/10+5(wt%B)); 

ja^SiM^tffBt, ^WA^S^^. ^A^m^H^x^j 
* ( ) 4afeJf- Jb8r 6 t «** + 

REM: #i^>%; 
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V(C.N): 4 Uftjfe&4fc4fr; 

vE_, n : -40X: (-40T) 8* V ?t*^^#^ 
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